Various 6-(10, 11) and 7-hydroxy-2-thiolumazines (8,9) have been synthesized and oxidations of the thioamide function studied . H 2 0 2 Oxidation of 7-hydroxy-2-thiolumazine (8) in basic medium leads to pteridine-4,7-dione-2-sulfinate (12), which eliminates S02 in anhydrous acids. Oxidative desulfurization of 8 and its 8-methyl derivative 9 proceeds directly in formic acid with H 2 0 2 and m-chloroperbenzoic acid to give 16 and 17 respectively. KMn04 oxidation forms the pteridine-4,7,dione-2-sulfonates (14, 15), which react under hydrolytic conditions to give the corresponding 2-hydroxy derivtives (18, 19) and on displacement with ammonium acetate/ammonia at elevated temperature form the pterin derivatives 20 and 21.
Introduction
The versatile reactivity of the 2-thioxo group in the 2-thiolumazines (1) encouraged us to extend these investigations to the 6-and 7-hydroxy-2-thiolumazine series in order to learn more about the reactivity of these compounds and their behaviour on oxidation of the thioxo function.
Results and Discussion
Besides the 7-hydroxy-2-thiolumazine (8), which is described in literature (2), its corresponding 8-methyl derivative 9 was synthesized starting also from 6-amino-2-thiouracil (1). In the first step a transamidation reaction was performed with methylammonium chloride/methylamine to convert 1 into the 6-methylamino-2-thiouracil (2) Azo-coupling (3) in the 5-position with benzene diazonium chloride followed by reduction led to 5-amino-6-methylamino-2-thiouracil (4) as a key intermediate (3) . Reaction with ethyl glyoxylate-hemiethylacetal afforded the corresponding Schiff base 7, which was cyclized in the usua l manner with sodium bicarbonate to yield 8-methyl-2-thiopteridine-4,7-dione (9) .
The synthesis of the 2-thiopteridine-4,6-dione (10) (4) was improved by a condensation reaction between 5,6-diamino-2-thiouracil (5) and ethyl glyoxylate in 75% sulfuric acid to give in a regioselective manner (5) the correct orientation of the oxofunction in the 6-position . An analogous condensation of 5,6-diamino-l-methyl-2-thiouracil (8) , however, led to a mixture of 1-methyl 2-thiopteridine-4,6-dione (11) and its 7-oxo isomer, which could be separated according to their known differences in acidity. The structures were proven by determination of the pKa values, the UVspectra and an elemental analysis . 7-Hydroxy-2-thiolumazine (8) can selectively be oxidized either by 2 equivalents of H 2 0 2 at 0 °C to form the pteridine-4,7-dione-2-sulfinate (12) in 72% yield or by KMn04 at room temp. to give the pteridine-4,7-dione-2-sulfonate (14) in 31 % yield. Both compounds have been isolated in the form of their potassium salts, which are quite soluble in water explaining the relatively low yields of the latter compound. Analogously 8-methyl-2-thiopteridine-4, 7 -dione (9) re-0 0 Attempts to displace the sulfinate group in 12 by aqueous ammonia at room temperature to give the 2-amino derivatiye were not successful. The greater stability of 12 and 14 respectively towards nucleophilic displacement reactions in comparison to the pteridin-4(3H)-one 2-sulfinates and 2-sulfonates (1) is due to the presence of an additional electron-donating group at the 7-position filling up the n-deficiency of the ring systems at least to some extent. Acid hydrolysis studied spectrophotometrically reveals the same effect since pteridin-4(3H)-one 2-sulfonate hydrolyses in 0.01 mol/l Hel with a half-life t1 /2 of 6.S min to lumazine, whereas 14 needs strong sulfuric acid (Ho = -0.89) to give a similar 1:1 / 2 of 6 min in the hydrolysis to 7-hydroxylumazine (18).
The 8-methyl-pteridine-4,7-dione 2-sulfonate (15) hydrolyses under the same strong acidic conditions even more slowly (1:1 /2 = 600 min) to 8-methyl-pteridine-2,4,7(1 H,3H,8H)-trione (19) indicating that protonation at the N-l atom is crucial and this is stericaUy much more hindered in 15 compared to 14, in which tautomerism of the amide function in the pyrazine moiety into the lactim form reduces the internal strain significantly. These effects are also reflected in the unusually low basic pKa of 15 at -3.9.
Nucleophilic displacement of the sulfonate group in 14 and 15 respectively with ammonia/ammonium acetate proceeds at elevated temperature to give in excellent yields the corresponding isoxanthopterins 20 and 21 (6) respectively.
Oxidation of 2-thiopteridine-4,6-dione (10) by KMn04 proceeded well, but the isolation of the corresponding sulfonate (22) created difficulties due to the high solubility of this substance. Addition of potassium hydrogen sulfite to the reaction solution led to the precipitation of a crystalline material, which turned out to be a 7,8-adduct as found with many pteridin-6(SH)-one derivatives (7 -9) . Elemental analysis and the IH-NMR-spectrum proved the structure as the dipotassium-7,8-dihydropteridine-4,6-dione-2,7-disulfonate (23). The low field 7-H in 10 is shifted to higher field and three exchangeable N-H protons are also in agreement with the proposed structure 23 ( fig. 1 ).
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Physical Properties
The characterization of the newly sythesized compounds was based on elemental analyses, pKa determinations (10) and UV -spectra of the various molecular species (table 1) .
From comparisons of the spectral data of 8 with those of 9 and of 1-3-dimethyl-7-methoxy-2-thiolumazine (2) it can be concluded that the differences in the neutral molecular species are due mainly to a pre- Table 1 . Physical data of pteridine derivatives. Since the blocked model substances 8-methyl-(9) and l-methyl-2-thio-pteridine-4,7-dione (2) possess a similar first acidic pKa the independent ionizations should proceed simultaneously. The double maximum in the monoanion spectrum of S illustrates this fact very nicely, since deprotonation from the 7-hydroxy group is associated with a hypsochromic shift (11), whereas the loss of the N-1 proton affords a bathochromicity. The similar extinction coefficients of both long wave length maxima account approximately for an 1: 1 mixture of the monanions.
The ionization sequences in the 2-sulfinate-(12) and 2-sulfonates (14, 15) are more distinct since in these series the N-3 proton is more acidic due to the adjacent electron-attacting sulfur functions .
The 2-thiopteridine-4,6-dione (10) reveals similar molecular properties in comparison to its 2-hydroxy analog (5). The first acidic hydrogens ionize from N-5 and then in 10 from N-1, whereas dianion formation in 11 takes place at higher pH and is expressed by a different UV-spectrum.
Finally the UV -spectrum of the dianion of 23 underlines the 7,8-dihydro structure by the strong hypsochromic shift of the long wavelength absorption band from 380 to 335 nm . The pK determination is complicated in this case since reversible elimination of the hydrogen sulfite takes place gradually going towards basic pH. In strong base (pH 13) the normal trianion derived from species 22 is most likely. 
5-(Ethoxycarbony lmethyleneamino) -6-methylamino-2-thiouracil (7)
To 11 of H 2 0 are added 10.0 g (55 mmol) ofS-amino-6-methylamino-2-thiouracil (4) (3) and 15 g of ethyl glyoxylate-hemiethylacetal. After stirring for 30 min the mixture is warmed up to 50°C for 15 min and then chilled with ice. The precipitate is collected, washed with H 2 0 , and dried in a vacuum desiccator over P 4 0 10 to give 14.8 g (98%) of chromatographically pure material. Recrystallization for elemental analysis is done from EtOH to yield yellowish crystals of m. p . 203°C. 
8-Methyl-2-thiopteridine-4 ,7 ( 3H.8H ) -dione (9)
In 200 ml of hot H 2 0 are suspended 11.0 g (42 mmol) of 7 and then with stirring 100 ml of 1 moll l sodium bicarbonate slowly added . The mixture is heated under reflux till a clear solution is obtained. After treatment with charcoal the solution is filtered, the filtrate acidified to pH 0 and then chilled in the ice-box to give 6.3 g (70%) of brownish crystals. Recrystallization from 2 mol ll HCl yields brownish crystals ofm. p. 297°C. 
2-Thiopteridine-4,6( 3H,5H)-dione (10) (4)
To 90 ml of 75% H 2 S0 4 are added at 90°C first 6.4 g (40 mmol) of 5,6-diamino-2-thiouracil (5) and then 6.6 g (44 mmol) of ethyl glyoxalate-hemiethylacetal. After a reaction time of 3 -5 min the mixture is diluted with 300 ml of H 2 0 and chilled overnight. The precipitate is collected, washed with H 2 0 and MeOH and dried to give 5.6 g (76%) crude material. Purification is achieved by reprecipitation from hot aqueous ammonia and acidification with dilute HCI to pH 3. A first impure small fraction is filtered off and discarded and the pure material separates on cooling in the form of brownish crystals. They are filtered off, washed with H 2 0 and MeOH and give after drying 2.35 g (29%) of m. p. 298°C.
C 35.12 H 2.45 N 27.30 Found C 35.49 H 2.32 N 27.11
I-Methyl-2-thiopteridine-4,6 (3H,5H)-dione (11)
To 15 ml of 75% H 2 S0 4 are added at 90°C 3.42 g (20 mmol) of 5,6-diamino-l-methyl-2-thiouracil (6) and 3.5 g of ethyl glyoxalate-hemiethylacetal. The mixture is stirred for 4 min and then poured onto 50 g of ice, whereby a precipitate separates out. After cooling the crude product (2.4 g) is collected and showes in the chromatogram the existence of both the 6-and 7-hydroxy isomer. Separation can be achieved by dissolving the crude material in aqueous ammonia and acidification of the warm solution with acetic acid to pH 4, whereby pure 11 separates out and the 7-hydroxy isomer remains in solution due to its much stronger acidic properties. Further recrystallization from H 2 0 /EtOH yields 1.4 g (32%) of a yellow crystalline powder of m . p. > 300°C (decomp.). 
Potassium pteridine-4,7 (3H,8H)-dione 2-sulfinate (12)
In 60 ml of H 2 0 are dissolved 3 g of KOH, 0.5 g of KCI and 2.45 g (11 mmol) of 7-hydroxy-2-thiolumazine (8) (2) and then the solution chilled to -3 "C. Within 20 min are added dropwise 2.2 ml of 30% H 2 0 2 and then the solution stirred for 2.5 h at -1°C. It is carefully acidified by glacial acetic acid to pH 4, whereby a precipitate separates out. The product is collected by suction, washed with a little cold H 2 0 and MeOH and then dried in a vacuum desiccator over P 4 0 lO to yield 2.25 g (72%) of slightly yellowish crystals of m. p. > 250°C (decomp.). Tn 40 ml of 5% aqueous ammonia are dissolved 0.8 g (4.1 mmol) of 8 and then a solution of 1.27 g (8 mmol) of KMn04 in 60 ml of HzO added dropwise with stirring. After 2 h another 0.5 g KMn04 in 50 ml of H 2 0 is added and stirring continued for 30 min. The formed Mn02 is filtered off, the filtrate treated with KHS0 3 and filtered again. The filtrate is evaporated to dryness, the residue dissolved in 15 ml of H zO and then MeOH added dropwise till some precipitate starts to separate. The mixture is chilled over night in the ice-box and then the precipiate collected (1.6 g). Further purification can be achieved by dissolving again in 10 ml of H 2 0 and a few drops of 1 mol/l KOH, filtration and acidification of the filtrate by glacial acetic acid to pH 3 -4. On cooling 0.45 g 
8-Methyl-pteridine-4,7(3H,8H) -dione (17) (12)
In 75 ml of formic acid are dissolved 0.82 g (3.9 mmol) of 9 and then 1 ml of 85% H 2 0 2 added. The reaction solution is stirred overnight and then the separated precipitate (0.225 g; 30%) filtered off. The filtrate is evaporated to dryness, the residue recrystallized from 50 ml of H 2 0 to yield another 0.41 g (58%) of colourless crystals of m. p. > 300 "c.
Both fractions are chromatographically and spectrophotometrically identical with an authentic sample (12) .
lsoxanthopterin (20) (6) In a mixture of 10 ml of conc. aqueous ammonia and 20 g of ammonium acetate are heated 0.1 g (0.29 mmol) of 14 for 45 min under reflux. The solution is evaporated to dryness, the residue dissolved in 10 ml of boiling H 2 0, from which on cooling a colourless 63 precIpItate separates out. The product is collected, washed with water and gave after drying at 100°C 0.047 g (95%) of a colourless crystalline powder of m . p. > 300°C. The material is chromatographically and spectrophotometrically identical with an authentic sample (6).
8-Methy l-isoxanthopterin (21) (6)
In a mixture of 10 ml of conc. aqueous ammonia and 20 g of ammonium acetate are heated 0.4 g (1.3 mmol) of 15 for 1 h under reflux. The solution is evaporated to dryness , the residue treated with 30 ml of hot H 2 0 and then the insoluble precipitate filtered off from the warm solution. The product is washed with H 2 0, dried at 100°C to yield 0.185 g (73%) of a slightly yellowish crystalline powder of m. p. > 300°C. The identity of the product with an authentic sample (6) was proven chromatographically and spectrophotometrically.
